Recently 10 T-cell lines were established from patients with adult T-cell leukemia (ATL). During establishment of these cell lines, it was found that when T-cell lines expressing the ATL-associated retroviral antigen were cocultivated with 8C cat cells, multinucleated syncytia were formed. Retroviral antigen-negative T-cell lines did not induce syncytia. Peripheral blood lymphocytes obtained from ATL patients did not express the retroviral antigen before cultivation in vitro but became positive for the retroviral antigen after cultivation for a short period; these retroviral antigen-positive lymphocytes, but not retroviral antigen-negative lymphocytes, induced syncytia upon cocultivation with 8C cells. Peripheral blood lymphocytes isolated from patients with chronic lymphocytic leukemia of T-cell origin or Skzary syndrome or from normal adults and lymph node cells from a patient with immunoblastic lymphadenopathy-like T-cell lymphoma did not express the retroviral antigen even after cultivation in vitro and did not induce syncytia upon cocultivation with SC cells. Thus, there was complete agreement between the presence of the retroviral antigen in established T-cell lines or freshly isolated peripheral blood lymphocytes and their ability to induce syncytia. Syncytia formation was enhanced 5-to 20-fold by the presence of Polybrene and inhibited by addition of plasma of ATL patients to the cocultures. Syncytia were detected within 4 hr on cocultivation of 8C cells with the retroviral antigen-positive T-cells, indicating that most syncytia were formed by early polykaryocytosis. After cocultivation, a clone of 8C cells that harbored the AU virus genome and had syncytia-inducing activity was isolated. These findings indicate that the retrovirus associated with AU has syncytiainducing activity. Syncytia induction assay using 8C cells will be useful for detection and characterization of human retrovirus associated with T-cell malignancies.
8C cells. Peripheral blood lymphocytes isolated from patients with chronic lymphocytic leukemia of T-cell origin or Skzary syndrome or from normal adults and lymph node cells from a patient with immunoblastic lymphadenopathy-like T-cell lymphoma did not express the retroviral antigen even after cultivation in vitro and did not induce syncytia upon cocultivation with SC cells. Thus, there was complete agreement between the presence of the retroviral antigen in established T-cell lines or freshly isolated peripheral blood lymphocytes and their ability to induce syncytia. Syncytia formation was enhanced 5-to 20-fold by the presence of Polybrene and inhibited by addition of plasma of ATL patients to the cocultures. Syncytia were detected within 4 hr on cocultivation of 8C cells with the retroviral antigen-positive T-cells, indicating that most syncytia were formed by early polykaryocytosis. After cocultivation, a clone of 8C cells that harbored the AU virus genome and had syncytia-inducing activity was isolated. These findings indicate that the retrovirus associated with AU has syncytiainducing activity. Syncytia induction assay using 8C cells will be useful for detection and characterization of human retrovirus associated with T-cell malignancies.
Retroviruses have been found to be closely associated with human T-cell malignancies (1) . Human T-cell leukemia virus (HTLV) was isolated from patients with mycosis fungoides (2) and Sezary T-cell leukemia (3) . A retrovirus is also associated with Japanese patients with adult T-cell leukemia (ATL) and was named ATL virus (4) (5) (6) . There seems to be slight heterogeneity even among ATL viruses isolated in Japan-that is, analyses of nucleotide sequences of ATL viruses integrated in MT-1 cells (7) and in lymphocytes of an ATL patient (8) showed the presence of several base changes in the long terminal repeats of these two viruses. Patients having ATL are clustered in southwestern Japan and the West Indies (1, 4, 9, 10) . HTLV has also been detected in patients from different parts of the world (11) . Although the geographical and racial distributions of HTLV-i.e., HTLV-Iand ATL virus were quite different, these two viruses are closely related or identical (12) (13) (14) . Another HTLV, HTLV-II, was isolated from a patient with hairy cell leukemia of T-cell origin (15) . Furthermore, a possible link was suggested between acquired immune deficiency syndrome (AIDS) and HTLVs (16) (17) (18) (19) . Differences (20) (21) (22) (23) (24) (25) (26) (27) . We tested whether ATL virus also induced syncytia of some indicator cells. We found that a cat cell line, 8C (28), formed syncytia quite efficiently when these cells were cocultivated with T cells expressing the retroviral antigen associated with ATL. Several lines of evidence indicated that syncytia were induced by ATL virus. Thus, it may be possible to detect and characterize retroviruses associated with human T-cell malignancies or AIDS by syncytia induction assay using 8C cells.
MATERIALS AND METHODS
Cells. Cells were obtained from the 10 patients with ATL described elsewhere (6) . Seven T-cell lines, ATL-1K, ATL-2M, ATL-3I, ATL4K, ATL-5S, ATL-6A, and ATL-7S, established from 7 ATL patients and peripheral blood lymphocytes (PBL) obtained from the other 3 ATL patients, KY, SY, and FK, were maintained in vitro as described (6) . PBL were also obtained from patients with chronic lymphocytic leukemia of T-cell origin (T-CLL) and Sezary syndrome and from normal adults. Lymph node cells were obtained from a patient with immunoblastic lymphadenopathy-like T-cell lymphoma (IBL-like T-L). Most of these cells had surface markers for suppressor/cytotoxic T-cells. The lymphocytes were cultivated in RPMI 1640 medium containing 20% fetal calf serum and an appropriate amount of T-cell growth factor. 8C cells were a clonal cell line derived from a feline kidney fibroblast line, CCC, and were transformed by Moloney murine sarcoma virus (28) . 8C cells were obtained from H. Yoshikura (Tokyo University, Tokyo) and maintained in Eagle's minimal essential medium (EME medium) supplemented with 10% fetal calf serum. Epstein-Barr virus-transformed lymphoblastoid cell line XPL-15 (29) The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. medium containing 10% fetal calf serum and Polybrene (0-10 jg/ml) (Sigma). The following day, T-cell lines established from ATL patients were irradiated at 10,000 rads (6°Co) (1 rad = 0.01 gray) in some experiments and were added at 2 x 104-2 X 106 cells per plate to duplicate plates containing 8C cells. Fresh lymphocytes or lymphocytes maintained in vitro for a short period were added without irradiation. One to three days later, the cells were fixed with methanol and stained with Giemsa. Numbers of syncytia containing >10 nuclei were counted under an inverted microscope. 8C cells rarely form syncytia spontaneously, and almost all spontaneous syncytia in 8C cells contain <5 nuclei.
Immunofluorescence Assay. Lymphocytes expressing the retroviral antigen associated with ATL were detected by indirect immunofluorescence assay and antibody titers of plasma specimens against the retroviral antigen were determined as described (6) .
Inhibition of Syncytia Induction by Plasma. Plasma specimens were obtained from a normal adult and patients with T-CLL, IBL-like T-L, and ATL and were heated for 30 min at 560C before use. 8C cells were seeded into 24-well plates (Falcon 3047) at 1 X 105 cells per well in EME medium containing 10% fetal calf serum and Polybrene (2 .g/ml). The following day, the medium was replaced by fresh medium, which contained 10% human plasma and had been filtered through a Millipore filter (0.45 um). Then 'Co-irradiated ATL-2M or ATL-7S cells (1 x 1 cells) were added to each well. The cells were cocultivated for 3 days and then were fixed with methanol and numbers of syncytia were counted as described above.
Southern Blot Hybridization. Cellular DNA was isolated, digested with EcoRI, and transferred to nitrocellulose filters. The filters were hybridized with nick-translated probes specific for ATL virus or human Alu fimily DNA as described (6) . 3P-Labeled, nick-translated probes that represented >80% of the ATL virus genome (7, 8) were kindly supplied by M. Yoshida (Cancer Institute, Tokyo). 32P-Labeled BLUR8 plasmid DNA that contained human Alu family DNA (30) was kindly supplied by T. Sekiya (this institute). RESULTS Induction of Syncytia by Established T-Cell Lines. Seven Tcell lines, ATL-1K, ATL-2M, ATL-3I, ATL-4K, ATL-5S, ATL-6A, and ATL-7S, harbored the ATL virus genome and had surface markers for an inducer/helper subset of T cells. All of these cell lines except the ATL-1K cell line expressed the retroviral antigen and produced ATL virus as described (6) . We noticed that all of these lines except the ATL-1K cell line induced multinucleated syncytia when they were cocultivated with 8C cat cells (Fig. 1) . Numerous syncytia were formed after cocultivation for 1-5 days when viral antigen-positive ATL-2M, ATL-31, ATL-4K, ATL-5S, ATL-6A, and ATL-7S cells, but not viral antigen-negative ATL-1K cells, were assayed (Table 1) . During cultivation, ATL-6A cells gave a negative reaction for the viral antigen for 4 months and then began to express the viral antigen as described (6) . Viral antigen-negative ATL-6A cells did not induce syncytia. Another four human cell lines, Molt-3 derived from a case of acute lymphocytic leukemia (31), HL-60 from a case of promyelocytic leukemia (32) , Raji from a case of Burkitt lymphoma (33) , and XPL-15 (29), did not induce syncytia. Thus, all of the retroviral antigen-positive cells, and only these cells, induced syncytia when they were cocultivated with 8C cells.
ATL-2M or ATL-7S cells induced large syncytia containing 20-50 nuclei, whereas ATL-31 or ATL-5S cells induced small syncytia containing 10-20 nuclei. The nuclei in syncytia were [3] [4] times larger than those of ATL cell lines, indicating that most nuclei in syncytia were of 8C cell origin.
Polybrene is reported to enhance adsorption of retroviruses (34) . Addition of Polybrene (0.4-10 Ag/ml) to the culture medium of 8C cells increased the numbers of syncytia induced by ATL-5S or ATL-7S cells 5-20 times (Fig. 2) . This finding suggests that ATL virus is involved in syncytia induction.
Next the time course of development of syncytia was studied (Fig. 3) . Syncytia containing >10 nuclei were detected within 4 hr on cocultivation of 8C cells with WCo-irradiated ATL-7S cells, and their number usually reached a maximum on cocultivation for 1-3 days. The number of syncytia decreased gradually with increase in cell passages. Thus, most of these syn- (5, 10, 13, 35, 36) . Therefore, we next examined whether syncytia formation was neutralized by these antibodies. For this, the syncytia induction assay was carried out in the presence of plasma of ATL patients. Table 3 shows that syncytia formation was specifically inhibited by addition of heat-inactivated plasma of ATL patients to cocultures of 8C cells and irradiated ATL-2M or ATL-7S cells. Plasma of a normal adult and of patients with T-CLL and IBL-like T-L, which did not contain antibodies against the ATL-associated viral antigen, did not inhibit syncytia forma- 8C cells and irradiated (10,000 rads) ATL-2M cells or ATL-7S cells were cocultivated in the presence of 10% human plasma. Three days later cells were fixed with methanol and numbers of syncytia were counted.
*Antibody titers against the retroviral antigen expressed in ATL-2M cells were determined by indirect immunofluorescence assay (6) . Reciprocals of end points of plasma dilution are shown. tNumber of syncytia induced by 1 x 10 ATL-2M or ATL-7S cells.
tion. These results suggest that ATL virus is involved in syn-.cytia formation.
Southern Blot Hybridization. 8C cells were seeded into Falcon 3001 plates, and the following day irradiated ATL-2M cells were added. After three cell passages, these 8C cells were cloned twice in microtiter plates (Falcon 3042). One clone, c77, induced syncytia efficiently when overlaid onto 8C cells (Table   4 ). c77 cells did not form syncytia with >10 nuclei spontaneously. Southern blot hybridization analyses showed that c77 cells contained the ATL virus genome (Fig. 4) (Tables 1 and 2 ). This formation of syncytia was enhanced by treatment with Polybrene ( Fig. 2) and was specifically inhibited by plasma of ATL patients (Table 3) . After (Table 4 ). This clone contained the ATL virus genome (Fig. 4) but not human Alu family DNA. These findings indicate that the retrovirus associated with ATL has syncytia-inducing activity. Thus far we have not succeeded in inducing syncytia by exposing 8C cells to cell-free concentrates of culture fluid of ATL-2M, ATL-4K, or ATL-7S cells or to cellfree homogenates of these cells. Transmission of ATL virus and HTLV-I to other cells has been achieved only by cocultivation with irradiated virus-producing cells, not with cell-free materials (11, 37, 38) .
Viral envelope protein has been suggested to be responsible for the syncytia-forming activity of RD-114 cat retrovirus (39) . Thus, the inhibition of syncytia formation by plasma of ATL patients (Table 3 ) may possibly be due to the presence of antibodies against the envelope protein of ATL virus in this plasma.
We found that ATL-2M or ATL-7S cells induced syncytia when cocultivated with several cell lines of human, simian, murine, or feline origin-e.g., HeLa, FL, Vero, K-BALB, Fc2Lu, and 8C cells. Of these lines, 8C cells were most susceptible to syncytia induction: the syncytia formed in 8C cells were the most numerous and the largest (unpublished data). Most retroviruses-e.g., murine leukemia virus, baboon endogenous virus, and simian sarcoma-associated virus-induce syncytia in only a few cell lines (20) (21) (22) (23) (24) (25) 28) , but, like ATL virus, bovine leukemia virus induces syncytia in many cell lines (26) . Similarities between HTLV or ATL virus and bovine leukemia virus have also been found in the amino acid sequences of p24 viral proteins (40) and the structures of the long terminal repeats of these viruses (7) . It is probable that the envelope proteins of these viruses have similar properties, such as syncytia-forming activity.
Several retroviruses have been detected in human T cells. HTLV and ATL virus are associated with cutaneous T-cell leukemia or Japanese and Caribbean ATL (1) (2) (3) (4) (5) (6) . HTLV-II was isolated from a patient with hairy cell leukemia (15) . HTLV, which was similar-but not identical to HTLV-I or HTLV-II, was found in a patient with AIDS (19) . It remains to be determined whether all of these retroviruses have syncytia-inducing activity on some indicator cells. Syncytia induction by bovine leukemia virus or Proc. Nati. Acad. Sci. USA 80 (1983) 7341 ovine leukemia virus is crossneutralized by sera of leukemic cattle or sheep (41) , indicating that these two viruses are closely related. It will be interesting to test whether serum or plasma of patients with cutaneous T-cell lymphoma-leukemia, hairy cell leukemia, or AIDS inhibits syncytia formation induced by lymphocytes producing ATL virus. The syncytia induction assay using 8C cells will be useful for clinical diagnosis and for detection and characterization of retroviruses associated with human malignancies.
